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(54) EXPANDER FOR EXPANDING SHAPED-TUBE DEVICES 
(57) Abstract 

FIELD: expanding shaped tubes devices such as shut-off gates, stem suspension devices, filters 
mounted In well. SUBSTANCE: expander comprises body 1 with central duct 4 having union 5 in its 
lower portion. Three rolling members are mounted with supporting units 8, 9 in recesses 6, 7 of 
body wall 1. Supporting units 8 of two rolling members are mounted in the above mentioned recesses 
stationary; supporting unit 9 of rolling member 12 is mounted with possibility of radial extension 
out of recess 7. Movable supporting unit Is in the form of two eccentric one relative to another 
cylinders 13, 14. Cylinder 13 with larger diameter is sealed relative to body wall, while cylinder 
14 with less diameter protrudes to central duct 4 of body 1 and has passages connecting central 
duct 4 with hydraulic chamber 18, defined by walls of recess 7 and end surfaces of cylinders 13, 14 
of movable supporting unit 9. EFFECT: enhanced quality and reliability of mounting shaped-tube 
devices, enhanced serviceability of expander, broadened range of working diameter. 2 cl, 4 dwg 



(21) Application number: 93039094 

(22) Date of filing: 19930806 

(51) Int. CI: B21D39/10 E21B29/10 
(56) References cited: 

3anBKa HopBerHH 90/05833. kji. B 21 B 29/10. 1990, 

(71) Applicant TaxapcKim rxx:y/xapcTBeHHbm HayMKO-Mccjie^oDaTexuaCKHM h npoeKTHbm HHCTHTyr 

He^THHOA npOMbinUieHHOCTH 

(72) Inventor: MyxaxfermnH A.A.. Menrair K.B.. A6/jpaxManoB r.C, I4hi>hcob M.C.. MyxaMeniiMH 
A.A.. MexEHHT K.B.. A 6^paxMaH0B r.C. HnbHcoB M.C., 

(73) Proprieton TaTapcKMM raryRapcreeHHboi Haywo-KOcyieHOBaTenbCKirii h npoeKxm>nt HHcnrryT 
He$TttHou npoMbinxneHHOCTH 



(54) BAHbUOBKA AHH PA3BAJ1 btJOBblBAHMfl YCTPOMCTB H3 nPOOMJIbHMX TPYB 
(57) Abstract: 

Mcnojifc>30 BaHne : jyin paaBajibno ow boj a\n ycrpoHCTB H3 rrpo^xurbirtrx rpy6 (nepeKpbiBaTejiew, nojjBecoK 

XB0CTOBHK0B, <|>HJlbTp0B M T.fl.), VCTaHaBJIMBaeMblX B CKBaKHHC CyiUpOCTb H3o6peTeHHH: BaJIbUpBKa 

coAepaHT Kopnyc (K) 1 c ueHTparibHbiM KanajioM 4, b raMHeft uacTH Koroporo ycTaHoaneH nrrynep 5. B 
CTCHKe K BbmonHeHbi yrvrytineroiH 6 h 7, b Koropbix c noMombio onop 8 n 9 ycraHOBneHbi Tpif Banwryiotqiix 
aneMeHTa (B3). UpmcM onopbi 8 abvx B3 ycTanoaneHbi b yrjryoJieHHnx 6 K HenoflBtUKHo, a onopa 9 B3 12 - c 
BO3M0»HOCTiJO pa^wanbHoro Bbiftmu&cHvm W3 yrvry6neHMH 7. rio^BtDKHaH onopa BbaiojmeHa b BH^e flnyx 

3KCUeHTpHHHfalX OTHOCMTeJIbHO JJpVT flpVTa UJSJimifjpOB (LQ 13 M 14. IIpjWeM U 13 C 60JlbD3MM ^MaMCTpOM 

ynnoTHen oTHocirrejibHo ctckkm KOpnyca 1, a IX 14 c MeHbuniM jjnaMerpoM Bbicrynaer b u.eHTpanbHbiM 
Kanan 4 K m KMeer Kananbi, coo6n*aionjjie i^eHTpajibUboi Kanan 4 c ruppaBJimecKom KaMepoa 18, 
oopaaoBaHHoft creHKaMH yrnyoVieHMH 7 h ToprjeBbiMii noBepxHOCTHMH U 13 h 14 iwrbrxhoR onopbi 9. TaKoe 
KOHcrpyKTHBHoe BbmojraeBue BajibnoBKn o6ecneuHBaeT n^cjib - noBbnneHne KaMecTBa h HaAeTKHOcro 
ycTanoBKH ycrpoftcTB H3 npo$HnbHbix Tpy6, a Tax?Ke noBbimeHPie pa6orocnoco6HocTO caMoft BanbqpBKM n 
B03M0MHOCTb pacmnpenwi ^Hana30Ha pa6otiero jjnaMerpa. 1 3. n. fnw. 4 roi. 



Description [OnHcarac H3o6pcreHii5i]: 



H3o6pereHMe othochtch k odrcacrK 6ypcHHH a KamrrajibHoro peMoura He<Jrmnbix m raoosbix CRBaxim m 
npeAHaoHaweHo. b wacTHocTM, A/ 151 paoBajibLjpBWBaHiiH ycr-powcro wo npo4>mihHbix rpy6, ycTaHaanMBaeMbix 

B CKBcLHUtHe npH WOOJIHIJHH 30H OCJIOJKHeHHH. BOOHHKaiOnniX B npOUeCCe 6ypCHMH CKBaHCHH h npw 

BoccTaHoaneHMii repMerMMuocTH o6caflm>ix kojiohh. 

HBBecTua BaribupoKa ojih pasBaraupBbiBamiH ycTpoHCTB ho npo^nntHbuc Tpy6. coAepsaman Kopnyc. 
npHcnoco6ncHHbiH ajih coe^RKenuH c kojiohhom 6ypmibHbix Tpy6. c mnrrpanbHbiM KananoM m 

yPJiy^JICHKOTMH B CTCHXe, B KOTOpbDC yCTaHOBJieHBI C nOMOnjbK) OHOp TpM BaJTbUyiOTIlJiX 3JlCMCHTa. 

HeAOCTaTKOM rroro ycTpoHCTBa hbjihctch to. «cto Ban±>uyx>inMe aneMeHTbi npM pa3BanbupBbiBaHXQi Tpy6u 
noA RdteTBsieM ynpyroro aneMCHra iioctohhho HaxonHTcn b o^hom n on ojk enrol. rioaroMy npM 
Heo6xoAMM0CTH cHH3im> paAHanbHbie Harpy3iai Ha upo^vuihHBdH nepeKpbraaTenb npn ero ycraHOBKe b 
cKBajKHHe, ttanpuMep. npw pcMoirre noBpe«AeHHH oocaAHofi kojiohhw b BHA e ineneBOH nqxJwpauKM, Aamian 
BanbupBxa HenpuMemiMa, nocKonbKy H3-3a hcbo3MOShocth chhhchhh paAHanbHOH Harpy3KH Ha o6caAHyio 
KonoHHy npoHcxoAwr ee A^nbHeuniee paapymeHwc 

3aAaueH Koo6peTeHHH HRnnercH noBbraieHwe Kanecrsa w HaneJKHOcrM ycraHOBKH ycrpoHCTBa H3 
npo^MHbHbix rpy6, ycraH aBmiBaeMbix b CKBaxMHe npw k30jihtoim 3oh ocnoxHeHHfi, B03HHKaioiAjHX b 
nponecce 6ypennH cKBaxum, vt npw BoocraHOBneHHH repMenraHocm o6canHbix kojiohh, a Tame noBbimeHHe 
HaAeJKHOCTH w pa6orocnoco6HocTM BanbupBfut h o6ecneMenne boomokhocth pacampeHHH nwanaaona 
pa6oMero A^aMerpa 6e3 iomchchmh nHaMeTpa Kopnyca a^hhopo Twnopa3Mepa caMOH BajibnpBKH. 

TexHHMecKMM pe3ynbTaT A oc ™ rae ' rc51 reM, mto b BanbupBxe n/ra pa3Banbi;oBbiBaHMH ycrpoftcTB ho 
npo^wibKbix Tpy6. coAcprcaineH Kopnyc. npHcnoco6neinibrii n/iH coenHHeHHH c kojiohhoh 6ypwibHbix rpy6. c 
ueHrpajifaHbOwi KaHanoM m yrjiy6neHMHMH b creHKe, b Koropbix ycTaHOBjiCHbi c nowombio onop rpw 
Bajibuyiomwx aneMeHra, onopa onHoro Banbnyiocqero 3neMeHra ycrraHOBJieHa b yrnyojieHHH Kopnyca c 
B03MOXHOCTbio panHanbHoro BbmBMJKeHHH H3 Hero. PamtantHO noABH»naH onopa BUABrosHoro 
BanbDyioiuero DJieMeHTa motkct 6birb BbmonneHa b hhac RW* A HaMeT P ajIfckH0 pa3H0BenHKHx i^umHApoB, 
3KCAeHTpHMHbix oTHOCMTejibHO npyr ppyre^ npHHeM uhjimhap onopw c 6ojibnmM nnaMerpoM ynJioTHen 
OTHOCHTentHO Kopnyca h o6pa3yeT co creHKaMH yrJiyojieHHH riunpaanHuecKyio KaMepy, coo6rn,eHHyio c ero 
ueHTpanbHbiM KananoM. 

Ha <J>mt. 1 npeAcnraaneH o6ihmw bma BanbupBKM; Ha $nr. 2 pa3pe3 A- A na (fwr. 1; Ha (Jur. 3 pa3pe3 B-B Ha 
^mt. 1; Ha $nr. 4 o6canHaH kojiohh a c ycTaHOBneHHbiM npo^HJibHbDvi nepeKp braa-rejieM c nokcoiqbio 
onMCbisaeMOM BanbUpBXH. 

Banbi^oBKa n™ p as Ban bupBbiBaHHH ycTponcrB ro npo^roxtHbix xpy6 coAepmrr Kopnyc 1 c pe3b6oft 2 n/m 
npHcoenHHeHHH ee k kohohhc 6ypnnbHbtx Tpy6 3 vt ueHTpantHbtM KanajioM 4. b hidkhcm ^acro Koroporo 
ycraHoaneH mryuep 5. B creHKe Kopnyca 1 uwiiojuieuw yr > ny6jieHHH 6 m 7. b Koroptix c noMoquo onop 8 h 9 
ycraHOBneHbi Banbnyion^e aaeMeHTbi 10. 11. 12. IlpiiueM onopw 8 RByx BanbuyionzHX aneMeHTOB 10 is 11 
ycTaHoaneHbi b yr/iy6jieHHHX 6 HenoABHmHO, a onopa 9 Banbuyioinerx) aneweHxa 12 c B03MOJKHOCTbK> 
paAwanbHoro BtiABitaeHWH H3 yrny6neHHH 7. rioABiuKHaH onopa 9 Banbnyionjero aneMenxa 12 BbmonneHa b 
bhac A^yx 3KCueHTpHMHb(x OTHOCHTejibHoro APY 1 " APY 1 ^ 1 UHnHHApoB 13 m 14, HMeion^fx pa3Hbie HHaMerpbi. 
npiraeM ujwjiMHA p 13 c 6ojibnraM A HaMeT P° M ynnoTHCH OTHOCHTejibHO ct«hkh Kopnyca 1 c nowonnjo 
ynnoTHeHMH 15, a murmiAP 14 c MeHbnuoi A MaMeT P° M Bfatcrynaer b ueHrpanbHbCH nan an 4 Kopnyca 1 uepeo 
oTBepcTwe 16, BbmomieHHoe b creHKe, h uvceer Kawanbi 17. coo6n^aiomne ueHTpanbHbm Ranan 4 Kopnyca 1 c 
rMApaHriMHecKOM KaxtepoH 18. o6pa30BaHHOH cxenKaMM oxoepCTMH 16. yrnytineHHH 7 u Kopnyce 1 h 

TOpHeBWMM nOBCpXHOCTHMM UMJIHHAPOB 13 H 14 nOABHJKHOH onopbl 9. 

PaoVra BanbnoBKH noncHneTCH Ha npKMepe BoccranoBneiiMn repMeTHMHOCTM o6ca/nioft kojiohhw npw 

06pa30BaHHH B HeM 1^>eCUHHbI. 

B 30He 19 HapymeHHH repMeTHMHOcrw o6canHOH KonoHHbi 20 npen^pHTtJibHO ycTanaBmraaKyr 
nepeitpbiBaTejib 21 M3 npo^unbiibix Tpy6. nyxeM pacumpeHUH ero A^uameHiieM kmak.octh. 3axeM Ha kojiohhc 
6ypmibnbix rpy6 3 BHyTpb nepeKpbiBaTenn onycKaioT Ba/ibuoBKy w BpamenweM, c noAaMew bhh3 kojiohh bi 
6ypnnbHb4x Tpy6 3. EtamiHaioT paaoanbUOBbiBaTb npo^Mjibiibie Tpy6t4 nepeKpbiBaxejiH 21 c OAHOBpeiueHHOM 
npoMbiBKO^ ?KMAKocTbK>. 3aKat«HBacMow b Tpy6bi hoa AaBneHMeM. Rpn 3T0M, b ueHTpanbHOM Kananc 4 
Kopnyca 1. 6naroAapH HanwMMio urryuepa 5, AaBJieioie ^kwaxocph B03pacraeT h. B03ACMCTByn nepeo 
OTBepcrwe 16 b creHKe Kopnyca 1 m Kananbi 17 b uHJiwHApe 14 noABMJKHOH onopw 9 na xopueBbie noBcpxnocTM 
UMjnoiApoB 13 h 14. BWABOT-aeT BanbuyroinHH aneMeirr 12 ho ypjiyojienHH 7 Kopnyca a° ynopa b creHKy 
nepeKpbiBarejiH 21. OAHoopeMcmio He Bbt a &H-hELHb< e Banbuywuiue 3neMeirrbi 10 h 11 Tanae ynnpaiOTCH b 
CTCHKy nepeKpbiBarejiH. Aanee, Banbuywimie anexieHTbi hoa ACHCTBueM cooAaHHOu paAwanbHofi Harpy3KH. 
npoKaTbiBancb no raiyrpeinieH nooepxHoenf irpo<jiwnbHbix rpy6. paaBanbupBUBaior mx h nnoTHO 
npuKarbiBaioT k creHKe o6caAHOH Konoiatbi 20. ripn noAxoAe k oone 19 HapyniCHHH repMexHMHOCTM o6caA«ow 
Kojioioibi 20 Aanneiwe npoMbiBonHoit jru^kocth ciramaior a° MMHHManbHoro, npw KoropoM He npoiicxoAwr 



BbUtBSDKemvi paffnam»HO-noflHSDKHoro Banbijyioiuero aneMeHTa 12 H3 Kopnyca 1, h pa3BanbnoBbiBaHice 
npo<|>HnbHbix Tpy6 txpyr M° o6pa30BaimH MUHUMajibiiorx> flwaweTpa fl,uyvi>i cmpwhmmh HCBbiflBmKHMMH 
Da^boyiomwMM aneweHTaMH 10 u 11 h BbWBHrawnjHMCH aneMeHTOM 12, Kor^a oh HaxojjjrrcH b hcxojjhom. He 
BwgBMHyTOM nojioxteHKu. ripn 3tom pc3b6oBbie coeflMHeHiwi np<x}»itnbHboc Tpy6 nepeKpwBaTenH 21 Taxme 
pacmMpHioTCH jjo BHyTpeHHero /n^aMcrpa npcKjjHJikHtJX xpy6, o6pa3yeMoro npw hx pa3BanbUpBt4BaHHH b 
30He Hapym«am f hto cHJweaeT /jo MHHHMa/ibHOM Bejunoofei ^aancHMe Ha creHKy o6ca^HOH KonoHHbi 20 b 
30HC 19 HapyuieHKH ec repMcrwMHOCTH. 

riocne npoxoaweHHH 30Hbi 19 HapyineauH repweTwiHOCTH. me onacHOCTb pa3pymeHMH o6ca#H0H kojiohhm 
OTcyTCTByeT, bhobb nojjHHMajOT Ranneme npoktbiBOHHOfi jkhakocth h paaBajibijoBfai sarnie nepexpbiBa-renH 
se^yT no TexHOJiorwH, ormcaHHOH Bbmie. 

flO OKOHMaHHH pa3BaJlbqOBblBaHHH KOJIOHHy 6ypHJIbHbtX Tpy6 3 C BaJIbl^OBKOM nOJJHHMaiOT M3 CKBSLKUHbl. 



-A- 



Claims [<t>opuyjia ii3o6peTenit5i|: 



1. Ba/ibupBKa pjvi pa3BajibupBbiBaHHH ycrpoiicrB M3 npcxj)njibub*x xpy6. conepmamaH Kopnyc. 
npwcnocodaeHHwA /yiH coeflHHeraiH c KonoHHOfl 6ypnribHbix Tpy6, c ueHTpanbbHbiM RaHa/ioM h 
yrjiy6neHH5TMM b ctchkc b Koropbtx ycTanoBJieraj c noMonjbio onop -rpw Banbuyionijix aneMeirra. 
otjivsm ajomaRCH Tew. hto onopa onHoro sanbuyiomerx) aneMeirra ycraiiooneHa b yrjiydnemaa Kopnyca c 

B03M07KHOCTbIO pa/^HajTbHOrO Bbl^BTOKCHHH H3 HCPO. 

2. BanbupBxa no n. 1, otjimh auomancH tcm, hto panHaribHO non,BJUKHan onopa BbunsiXHoro Banbuyioinero 
aneMeirra BbmojiHena b HHRe flByx njHaMerpanbHO pa3H0BejiwKitx umiHHjrpoB, 3Kcn£HrpiraHbDc oTHOCHTcnbHo 
npyr npyra, npiraeM ijwtimhrp onopbi c 6am>inuM jb* aMCTpOM ynnorocH oraocHTenbno Kopnyca h o6pa3yer co 
creHKaMM yrvry&rieHMH b Kopnyce n^paamwecKyio KaMepy, coo6meioiyio c ero uetrrpanbHbiM KaHanoM. 
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(54) EXPANDER FOR EXPANDING SHAPED-PIPE DEVICES 
(57) Abstract: 

Use: The expander is intended for expanding shaped-pipe devices (blocking devices, 
liner hangers, filters, etc.) which are mounted in wells. Substance of invention: The 
expander has housing 1 which is provided with central channel 4, installed in the bottom 
portion of which is a union 5. Recesses 6 and 7 provided in the walls of the housing 
accommodate three expansion tools mounted on supports 8 and 9. The supports 8 
mounting two of the expansion tools are rigidly fixed in the housing recesses 6, and the 
support 9 mounting the expansion tool 12 can be radially moved out of the recess 7. The 
movable support consists of two cylinders 13 and 14 eccentrically positioned in relation 
to each other. The larger-diameter cylinder 13 is sealed relative to the wall of the 
housing 1 , and the smaller-diameter cylinder 14 extends into the central channel 4 and 
has channels communicating the central channel 4 with hydraulic chamber 18 which is 
formed by the walls of the recess 7 and the end faces of the cylinders 13 and 14 actuating 
the movable support 9. Such a design of the expander ensures the achievement of the 
desired goals — the improvement in the quality and the reliability of mounting shaped- 
pipe devices, as well as the enhancement of the expander performance and the possibility 
to broaden the operating diameter range. 2 cl., 4 dwgs 



Description: 



The present invention relates to the drilling and the overhauling of oil and gas wells; in 
particular, it is intended for expanding shaped-pipe devices mounted in wells to insulate 
troublesome zones which occur while drilling the wells and to restore the tightness of 
casing strings. 

An expander for expanding shaped-pipe devices is known, which incorporates a housing 
adapted for connection to a drill string and provided with a central channel and the walls 
of which have recesses that accommodate three expansion tools mounted on supports. 

The drawback to this device is that while expanding a pipe the expansion tools are held in 
the same position by elastic forces. Therefore, this device cannot be used when it is 
necessary to reduce radial loads acting on a shaped-pipe blocking device while it is 
mounted in the well, for instance, to repair damage such as a slit perforation in the casing 
string since the casing string continues to break down because of the impossibility of 
reducing the radial load thereon. 

The object of the present invention is to improve the quality and the reliability of 
mounting a shaped-pipe device in a well to insulate the troublesome zones occurring 
while drilling a well, as well as to enhance the expander reliability and performance and 
make it possible to broaden the operating diameter range without changing the diameter 
of the housing of the expander of a given size. 

This is achieved as follows: In the proposed shaped pipe expander, which incorporates a 
housing adapted for connection to a drill string and provided with a central channel and 
the walls of which have recesses that accommodate three expansion tools mounted on 
supports, the support mounting one of the expansion tools can be radially moved out of 
the corresponding recess. The radially movable support mounting the move-out 
expansion tool may consist of two cylinders of different diameters, which are 
eccentrically positioned in relation to each other. The larger-diameter cylinder is sealed 
relative to the housing, and a hydraulic chamber communicating with the central channel 
of the housing is formed by this cylinder and the walls of the above recess. 

Fig. 1 is a general view of the expander, Fig. 2 is the section A-A in Fig. 1, Fig. 3 is the 
section B-B in Fig. 1, Fig. 4 shows a casing string with a shaped-pipe blocking device 
mounted with the use of the proposed expander. 

The expander for expanding shaped-pipe devices has a housing 1 which is provided with 
thread 2 for connecting it to drill string 3 and has a central channel 4, installed in the 
bottom portion of which is a union 5. Recesses 6 and 7 provided in the walls of the 
housing 1 accommodate expansion tools 10, 1 1 and 12 mounted on supports 8 and 9. The 
supports 8 mounting the two expansion tools 10 and 1 1 are rigidly fixed in the recesses 6, 
and the support 9 mounting the expansion tool 12 can be radially moved out of the 
recess 7. The movable support 9 mounting the expansion tool 12 consists of two 
cylinders 13 and 14 having different diameters. The larger-diameter cylinder 13 is sealed 



"i 



relative to the wall of the housing 1 using seal 15, and the smaller-diameter cylinder 14 
extends into the central channel 4 of the housing through opening 16 provided in the wall 
and has channels 17 communicating the central channel 4 of the housing 1 with hydraulic 
chamber 18 which is formed by the walls of the opening 16, the walls of the recess 7 in 
the housing 1 and the end faces of the cylinders 13 and 14 actuating the movable support 
9. 

The operation of the proposed device will be illustrated below by the example of the 
restoration of tightness of a cracked casing string. 

First, the shaped-pipe blocking device 21 is mounted in the nontight zone 19 of the casing 
string 20 by expanding this device by means of hydraulic pressure. Following this, the 
proposed expander is connected to the drill string 3 and lowered into the blocking device 
by lowering the drill string 3. When the expander is positioned inside the blocking 
device 21 the expansion of the shaped pipes, from which this device is assembled, is 
commenced and at the same time washing fluid is pumped into the pipes. Due to the 
provision of the union 5 the fluid pressure in the central channel 4 of the housing 1 rises 
and acts on the end faces of the cylinders 13 and 14 through the opening 16 in the wall of 
the housing 1 and via the channels 17 in the cylinder 14 for the movable support 9 with 
the result that the expansion tool 12 is moved out of the recess 7 in the housing until this 
tool abuts against the wall of the blocking device 21. At the same time, the fixed 
expansion tools 10 and 1 1 abut against the blocking device wall, too. Then, the expansion 
tools roll down the inner surfaces of the shaped pipes to expand them until they are 
tightly pressed against the wall of the casing string 20. When the expander reaches the 
nontight zone 19 of the casing string 20 the washing fluid pressure is reduced to a 
minimum value, at which the radially movable expansion tool 12 will not move out of the 
housing 1, and the expansion of the shaped pipes is continued until the minimum 
diameter is formed by the two adjacent fixed expansion tools 10 and 1 1 and the movable 
expansion tool 12 is located in its initial, i.e., moved-out, position. In doing this, the 
threaded joints of the shaped pipes of the blocking device 21 are also expanded to the 
shaped pipe inner diameter obtained by expanding the shaped pipes in the nontight zone, 
the result being that the pressure on the wall of the casing string 20 in its nontight zone 19 
is minimized. 

When the expander leaves the previously nontight zone 19 of the casing string so that 
there is no danger of the casing string collapse within this zone any longer, the washing 
fluid pressure is increased again and the expansion of the blocking device is continued as 
described above. 

When the expansion process is over the drill string 3 is lifted out of the wall together with 
the expander. 



Claims: 

1. An expander for expanding shaped-pipe blocking devices, which incorporates a 
housing adapted for connection to a drill string and provided with a central channel and 
the walls of which have recesses that accommodate three expansion tools and wherein the 
support mounting one of the expansion tools is installed in the corresponding recess in 
the housing so that it can be radially moved out of this recess. 

2. The device according to item 1, wherein the radially movable support mounting the 
move-out expansion tool consists of two cylinders of different diameters, which are 
eccentrically positioned in relation to each other, the larger-diameter cylinder being 
sealed relative to the wall of the housing 1 and a hydraulic chamber communicating with 
the central channel of the housing being formed by this cylinder and the walls of the 
recess in the housing. 
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TransPerfect Translations, Inc. 
3600 One Houston Center 
1221 McKinney 
Houston, TX 77010 



Sworn to before me this 
23rd day of January 2002. 

Signature, Notary Public 



OFFICIAL SEAL 
MARIA A. SERNA 
NOTARY PUBLIC 
. in and for the State of Texas 
My commission expires 03-22-2003 



Stamp, Notary Public 
Harris County 
Houston, TX 
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